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ABSTRACT

Transitions from rectangular waveguide to layered ridge dielectric waveguide are
studied both experimentally and theoretically. In addition, a design procedure is
given for each transition. The analysis and design procedures are valid for transitions
between rectangular waveguide and other open dielectric waveguides such as Image
Guide, Insulated Image Guide, Dielectric Ridge Guide, and Inverted Strip Dielectric
Waveguide. It is shown that for small dielectric waveguides such as Layered Ridge
Dielectric Waveguide, a transition which is comprised of a tapered ridge waveguide

reduces the radiation loss by at least 1 dB.



I. INTRODUCTION

There has been a growing interest in the millimeter wave frequency spectrum for aircraft ground
avoidance radars, intelligent vehicle highway systems, space debris tracking, intersatellite links, and
missile tracking. In addition, both the millimeter and the submillimeter wave frequency spectra
are required to detect most atmospheric constituents. The development of electronic components
for the millimeter/submillimeter wave frequency spectrum is required for these applications.

For frequencies below 100 GHz, planar, quasi-TEM transmission lines such as microstrip and
coplanar waveguide have been successfully used for monolithic amplifiers, mixers, and phase
shifters. Although these planar, quasi-TEM type of transmission lines are highly suited for inte-
grated circuits, the surface resistance increases with the square root of frequency [1]. In addition,
the circuit dimensions must be decreased as the frequency is increased to maintain a single mode
transmission line which further increases the conductor losses. The high attenuation makes mi-
crostrip and coplanar waveguide unsuitable for system integration or antenna feed networks in the
millimeter and submillimeter wave frequency spectrum. Rectangular waveguide and other similar
waveguides have low loss but are too large to effectively be used for many applications.

In recent years, a different class of transmission lines which do not require any conductors but
instead use the difference in permittivities between two or more media to guide the electromag-
netic energy have become popular. Examples of such dielectric waveguides are Image Guide [2],
Insulated Image Guide [3], Trapped Image Guide [4], Dielectric Ridge Guide [5], Inverted Strip
Dielectric Waveguide [6], and Layered Ridge Dielectric Waveguide (LRDW) [7]. These dielectric
waveguides have been used in antenna feed networks, frequency scannable antennas, radars, and
oscillators.

As the use of dielectric waveguides increases, better transitions between rectangular waveguide
and the dielectric waveguide will be required for integrating the circuits with test equipment and
millimeter wave sources such as Gunn diodes which typically have a rectangular waveguide output
port. The transitions must match the impedances of the two waveguides and transform the TEjo

mode of the rectangular waveguide to the propagating mode of the dielectric waveguide. The field



transformation is especially difficult since the fields are well confined in the rectangular waveg-
uide but only weakly confined in the dielectric waveguide. As the permittivity of the dielectric
waveguide is increased or multiple layers of dielectrics are used to reduce the size of the dielectric
waveguide, the field transformation is more difficult to accomplish.

This paper will present an analysis of four transitions from rectangular waveguide to LRDW and
a design procedure which could be followed to optimize the transition design. Both experimental as
well as the Finite Difference Time Domain (FDTD) method will be used in the transition analysis.
The design procedure is based on the concept of the Effective Dielectric Constant (EDC) method
developed by McLevige [3]. Although the details of the analysis will be presented specifically for
the LRDW, the methods and design procedures should be useful for other multi-layer dielectric

waveguides as well.

II. LAYERED RIDGE DIELECTRIC WAVEGUIDE DESCRIPTION

Layered Ridge Dielectric Waveguide (LRDW) consists of a strip comprised of two or more layers
of dielectrics on a conductor backed dielectric substrate. The center dielectric layer has a lower
permittivity than the substrate and top layer. Fig. 1 shows the LRDW line with the dimensions
and dielectrics used throughout this paper. Although the LRDW can support both EZ, . and EY,,
modes, the E¥; mode has the lowest cutoff frequency and is therefore the dominant mode. Because
of the continuity of the electric flux density across the dielectric boundaries for the Ef; mode, the
electric field is stronger in the low permittivity layer which becomes the guiding layer in the low
frequency region of the spectrum.

To design a transition between a rectangular waveguide and an LRDW, the fields of both
waveguides must be known in order to visualize the necessary field transformation which must
occur. It has been shown that the EDC method is useful for obtaining an engineering estimate of
the propagation constant and the fields for many dielectric waveguides [2]-[5]. Since the method
has been fully presented in the literature, only a brief outline of it will be given here so that the

important equations which will be required for this paper may be presented. The EDC method uses



the approximation that the LRDW may be separated and analyzed as two independent structures
as shown in Fig. 2. Neither of these new structures has any variation along the y-axis and is

therefore easier to solve. In general, the separation equation for Fig. 2 is given by:
K2 = frik?a - kgi = fequ (1)

where i = 1to N and N is the total number of dielectric layers, k, = w,/€,f1o , kz: is the separation

variable for the i th layer, and
ki) 2
== (1) @)
0
is referred to as the effective dielectric constant for the region. Note that k;n = jh; is commonly
used since the fields in the N th layer must be decaying to satisfy the radiation condition [1].
After €., has been determined for each structure, the dielectric ridge can be replaced by the

simple structure shown in Fig. 3. The separation equation for Fig. 3 is given by
k2= el k2 — k2, = ellk2 + h2 3)

which is used with the field equations to determine the propagation constant of the dielectric
waveguide.

The fields for Fig. 2 may be written as a combination of LSM* and LSE® modes. Since
the LSM® mode is dominant over the portion of the frequency spectrum which results in strong
field confinement within the guiding layer, it is sufficient to consider only the LSM* mode in the
analysis. Using these assumptions, the electric and magnetic fields for the structures shown in

Fig. 2 may be written as:

H, yi = W6 €rikz; (:E) (4)
&2

E;; = (fri kf + b?)ilh (:E) (5)
Y €)

By = —jk—p = (6)

For the four layer structure shown in Fig. 2(a), the scalar potential ¥(z) may be written as:

Pi(x) = Ajcos(kliz),0<z<ty )



w{(z) = A cos(kiz(:l: —1))+ B2 sin(kiz(:l: —t)),th <z <t +12 (®)
1/):{(22) = Aj COS(k£3(.’B -t — tz)) + B3 sin(k£3(z -t — t2)),t1 +to<z <ty +t2+13 (9)

Yi@) = Ce Pt ta=®) g5t +ty+ts (10)

After employing the boundary conditions at the dielectric interfaces, the eigenvalue equation is

obtained as:
&3 kis I ki3 | &3 I
0 = (=2 — = tan(klsts))T® + (552 + = tan(kits)) T (11)
€rq hi hz €rq
kI
Te = S 52781eanklity) tan(kisto) 12)
€3 €r3kyy
€r1 ki kI
T = -~ tan(kgts) - o tan(kat) (13)
€r2 Kp3 3

The parameters kI, kL, kI;,and hl are given from (1) as:

Ky = koyfen—e (14)
Ky = koyfen—el (15)
ks = ko

ko

Vs — €l (16)
Ve -1 (17)

The parameter hl must be real, but the other parameters may be imaginary. Note that lossless

. =

T

dielectrics have been assumed. The eigenvalue equation, (11), is solved with (14)-(17) to obtain
egq. A similar set of equations is derived for the single layer structure shown in Fig. 2(b) to obtain
the eigenvalue equation:

kH tan(klit)) —eqhiI =0 (18)
with

Kl = koyfern — €l (19)
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The structure of Fig. 3 can now be solved as a sum of LSE¥ and LSM¥ modes. Since the fields

derived in the above analysis for Fig. 2 are primarily E; and Hy, the LSM¥ fields may be omitted.



The resulting fields are:

Ea:i = —wy'okz"/)i (y) (20)
a2
Hy = (&/'k2+ -a?)du ) (21)
A ()]
H,; = —sz—a—y— (22)

where the scalar potentials are given by:

Y1(y) = Acos(kny), |yl <un (23)

Yo(y) = Be MW¥l=0) |y 54 (24)

After satisfying the boundary conditions, the eigenvalue equation is obtained as:

ky1tan(kyiy1) — hy =0 (25)
where

kyl = ko €£q — €efs (26)

hy = ko €eff — Eg

and €5y is the effective dielectric constant for the LRDW.

III. TRANSITION DESCRIPTION

In the past, three types of transitions from rectangular waveguide to dielectric waveguide have
been commonly used. These are shown in Figs. 4(a)-(c). In the first transition shown in Fig. 4(a),
referred to as transition A in the rest of the paper, the dielectric waveguide is abruptly butted to
the full height rectangular waveguide [8]. For larger dielectric waveguides such as Image Guide
fabricated from low permittivity materials, this transition can give good results since the size of
the Image Guide is comparable to the size of the rectangular waveguide. The second transition
shown in Fig. 4(b) will be referred to as transition B in the rest of the paper. In transition B,
the rectangular waveguide is transitioned to a reduced height rectangular waveguide so that there

is greater field interaction between the rectangular waveguide and the dielectric waveguide. The



rectangular waveguide may be made to be the same height as the dielectric waveguide but in
practice, this is usually not done to allow for variations in the height of the dielectric waveguides.
The most commonly used transition is shown in Fig. 4(c) and will be referred to as transition C
in the rest of the paper. This transition adds a horn to transition B to convert the open dielectric
waveguide to a shielded dielectric waveguide [9][10]. A forth transition shown in Fig. 4(d), referred
to as transition D in the rest of the paper, uses a tapered ridge waveguide to concentrate the power
of the rectangular waveguide to the region of the dielectric waveguide. The ridge is then continued
into the horn to provide a smooth match to the open dielectric waveguide [11][12]. The ridge may
be made to contact the dielectric waveguide. In each of these transitions, a dielectric wedge may
be used to create the field transformation [13] or to improve the impedance match of the transition
[14]. When the dielectric wedge is used for providing the field transformation, it must be 3-5 Ag
long.

As previously stated, it is critical to transform the electric and magnetic fields of the rectangular
waveguide to the dielectric waveguide. The electric field magnitude, E., along the ground plane
for each of the transitions at several cross sections is shown in Fig. 5. Note that transitions A and
B have the same E, field distribution. The EDC method has been used to determine the fields
for the cross sectional cuts through the dielectric waveguide. The derivation outlined in section II
was modified to account for the change in boundary conditions when the LRDW is in a shielded
environment. The TE;o mode was assumed to exist in the rectangular waveguide. The fields in
the ridge waveguide were determined from equations taken from [15] using the cutoff frequency
determined by Hoefer [16].

From the field diagrams, it is noted that the horn on transitions C and D helps to transition the
open dielectric waveguide to a shielded dielectric waveguide. No variation in the fields was seen
for the LRDW at the end of the horn and the open LRDW. The ridge waveguide concentrates the
electromagnetic energy in the region of the LRDW better than the other transitions. Furthermore,
transition D transitions the rectangular waveguide fields to the LRDW fields more smoothly.

Lastly, if only the dominant term of the electric field for the ridge waveguide is used, the ridge



waveguide and the shielded LRDW have the same E, field distribution along the y-axis.

IV. TRANSITION ANALYSIS USING FINITE DIFFERENCE TIME DOMAIN

The FDTD method is well known [17] and thus will not be presented here. The excitation mech-
anism used in this research is similar to that described in [18],[19]. To approximate the TEjo
mode, the amplitude of the incident field has a half wavelength sinusoidal distribution across the
rectangular guide in the y-direction and is uniform in the x-direction. Moreover, the incident field
has a spatial variation in the z-direction given by a Gaussian envelope imposed on a sinusoidally
varying carrier. The super-absorbing first-order Mur boundary condition [20] is used at the front
and back walls of the computational domain in order to simulate infinitely long lines. Numerical
experiments have shown that such an absorbing boundary condition (ABC) reduces reflections
appreciably compared to, for example, first-order Mur without the super-absorber [14]. The above
ABC’s require a choice for the incident velocity of the waves, or equivalently €.rz. At the front
wall, an €.ys that corresponds to the velocity of the waves in an empty waveguide, at a frequency
which is approximately at the middle of the frequency range of interest, is chosen. On the other
hand, at the back wall, an €.s5 that corresponds to the velocity of the waves in the LRDW is
chosen. An estimate of this latter €.;; may be obtained using the compact 2D-FDTD technique
[21][22] or the mode matching technique [7]. It should be mentioned that the above choice of
€cff assumes that only the propagating dominant mode exists in the dielectric waveguide. The
first-order Mur boundary condition was used on the top and side walls surrounding the LRDW in

order to simulate an open structure.

V. EXPERIMENTAL CHARACTERIZATION OF TRANSITIONS

The LRDW was fabricated from RT/DuroidT™ 5880 and 6010 substrates which have relative
permittivities of 2.2 and 10.8 respectively. RogersT™ 3001 bonding film was used to glue the sub-
strates together. The transitions were characterized using an HP8510B Vector Network Analyzer

with a WR-28 Reflection/Transmission test set. The system was calibrated using an open-short-



load calibration procedure. For the through measurements, two transitions were connected back
to back through a 19 cm long section of LRDW. The same LRDW was used for all of the measure-
ments so that comparisons between transitions could be made. For the return loss measurements,
microwave absorbing material was placed over the LRDW to eliminate power returned from the
second transition. Before each set of data was taken, the time domain option of the HP8510 was
used to verify that all of the reflections were due to the transitions and not because of fabrication
imperfections in the LRDW. To fabricate the dielectric wedges, RT/ Duroid™ 5880, 6010, and
6006 which has a dielectric constant of 6.0 were used. Standard microwave substrate thicknesses

in the range of 0.0254 to 0.157 cm were used.

VI. TRANSITION ANALyYsIS UsiING TLIN METHOD

The analysis of manyi microwave circuit problems may be greatly simplified through the use of
Transmission Line Theory (TLIN) and wave impedances. In general, wave impedances are defined
as the ratio of the transverse field components which give rise to power flow along a mutually
perpendicular axis. For Transverse Electric modes, the wave impedance may be written in the

general form:

koo
Z = 27
o 27)
which translates to:
To
Z = (28)
V€ers — (o/Ae)?
for perfectly conducting cylindrical waveguides and to:
Z=-1e (29)

Veerf
for open dielectric waveguides. The parameters in (27)-(29) are: 7, = +/o/€ is the free space

impedance, ), is the free space wavelength, €ess is the effective permittivity of the medium filling
the waveguide, and ). is the cutoff wavelength of the empty cylindrical waveguide.

Although it is possible to take a large number of cross sectional cuts through the transition,
determine the wave impedance at each plane, and calculate the reflection coefficient very accu-

rately, a good engineering estimate of the reflection coefficient may be obtained if only the most



significant impedance mismatches are used. Fig. 6 shows a time domain plot of S;; for transition
D measured on the HP8510B. The markers are positioned at three reflection points along the
transition. Marker 1 is at the start of the LRDW under the ridge, Marker 2 is at a point inside
the horn, and Marker 3 is at the end of the horn. It is clear that the reflection from the start of
the LRDW is far larger than any other reflection and for an engineering estimate of the reflec-
tion coefficient for the transition, all other parts of the transition may be omitted. Using these
assumptions, the transitions may be analyzed using the TLIN method at the single discontinuity

which results in the simple equation:
Zv — Zd

r==—-—
Zv + 74

(30)

where Z¥ is the wave impedance of the rectangular or ridged waveguide and Z°% is the wave
impedance of the open or shielded dielectric waveguide. The €.rs of the dielectric guides and
the partially filled rectangular waveguides were determined from the EDC method. The cutoff

wavelengths of the ridge waveguides were calculated using Hoefer’s equations [16].

VII. RESULTS

The fields of the open LRDW at 33 GHz determined by both the EDC and the 2D-FDTD methods
are shown in Figs. 7 and 8. Excellent agreement between the two methods is seen for the fields
plotted along the x-axis, Fig. 7. This is expected since a magnetic wall exists along the x-axis for
the mode plotted which has the effect of eliminating the contributions of the ridge edges from the
analysis. The magnitude of the fields not shown were either zero or very small compared to those
presented. The difference in the fields shown in Fig. 8 is greater than that of Fig. 7. Thisis a
direct result of the edge contributions not adequately being accounted for in the EDC method.
Although the magnitudes of the fields in Fig. 8 are not in good agreement, the field shape is in
good agreement. Note that the power shown in Fig. 7(d) is confined in the low permittivity layer
or the guiding layer.

To verify the accuracy of the TLIN and the FDTD methods of analysis, |S11| has been plotted

for all of the transitions in Fig. 9. Several observations are made. First, the measured return
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loss is lower than that predicted by the TLIN and the FDTD methods. This is expected since the
FDTD method does not take into account the conductor and dielectric losses, whereas the TLIN
method assumes a completely lossless junction. Second, except for transition A, the agreement
between the theoretically predicted loss ( using the TLIN and the FDTD ) and the measured
return loss is satisfactory. In each case, the three methods yield a return loss within +3 dB of
each other. Furthermore, the TLIN method and the FDTD method are generally within 1.5 dB
of each other. The FDTD analysis was not performed for transition A. Also, for transition A,
the TLIN method is not in agreement with the measurements because of the small field overlap
between the two waveguides which makes the TLIN method less accurate. Third, the FDTD
method accurately predicts the general shape of Si;, even predicting the presence of the major
resonances.

Fig. 10 shows the measured insertion loss for transitions A, C, and D. The insertion loss of
transitions B and C is approximately the same across the band with the exception of the higher
frequency part of the band when a resonance is noted in transition C. Transition A has a greater
insertion loss than the other transitions and the insertion loss of transition D is at least 2 dB
less than the other transitions. When the loss factor, 1 — |Su|2 - |Sg;|2, is calculated for each of
the transitions, it is noted that transition D has the lowest loss factor while transition A has the
greatest loss factor. Since ridge waveguide has higher conductor loss than rectangular waveguide,
it follows that transition D has the lowest radiation loss of the four transitions; at least 1 dB
per transition lower than transition C. This result was expected from the better field match of
transition D as noted in Fig. 5. Also, it may be stated that minimizing the return loss alone
is not a valid design criteria for open transitions. Although transitions A and C had the lowest
measured return loss, they also had the highest radiation loss which makes them undesirable for
transitions to antenna feed networks or other applications where crosstalk must be minimized.

Resonances in the insertion loss plots for transitions C and D at the higher frequencies are
seen in Fig. 10. By correlating the onset frequency of the resonances with the cutoff frequencies

of the higher order rectangular waveguide modes in the horn and with the field plots for both the
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LRDW and the rectangular waveguide, it has been determined that the resonances are due to the
TEs; mode in the rectangular horn. Reducing the width of the horn shifts the onset frequency of
the resonances to higher frequencies and may be used to eliminate them from the waveguide band.
A slight degradation in S;; would be expected if this were done. Note the 2-3 dB degradation in
|S11| between Fig. 9 (b) which has no horn and Fig 9 (c) which has a horn.

To provide impedance matching between the rectangular waveguide and the LRDW, dielectric
wedges were added to the transitions. For Image Guide and other single material dielectric waveg-
uides, the dielectric wedges are typically constructed from the same material as the guiding layer
of the dielectric waveguide [13][14]. For layered dielectric waveguides, this is not practical. To
determine the optimum wedge material, thickness, and length for the LRDW, the characteristics
of each transiﬁon was experimentally characterized for many matching wedges. It was determined
that for transitions B, C, and D, a dielectric wedge with a relative permittivity of 6.0, a thickness
of 0.127 cm, and a length of 1.91 cm provided optimum return loss. Although longer wedges
tended to reduce the return loss, they also created resonances in the |S2;| characteristics due to
reflections between the two ends of the wedge. This was easily seen using the time domain option
of the HP8510B ANA.

The use of the matching wedge greatly improved the measured characteristics of each transition.
Fig. 11 shows the measured as well as the calculated return loss and the measured insertion loss of
transition D with the experimentally determined optimum matching wedge. Note that the return
loss is typically 20 dB compared to the 14 dB without the wedge. Also, the high frequency noise
seen on the insertion loss plots of Fig. 10 have been eliminated. Table 1 summarizes the measured
performance of each transition. In Table 1, the worst case return loss value across the waveguide
band is given. Transition D has the lowest insertion loss and the best return loss. Also, there
is a significant improvement in the characteristics of transitions B and C with the addition of
the dielectric wedge. In these two transitions, the dielectric wedge not only provides impedance
matching but is also the only means of transforming the fields of the two different waveguides.

To gain a better understanding of the transition, the FDTD method was used to obtain electric
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field along the center of the waveguide for transitions C and D without a matching wedge. These
are shown in Figs 12 (a) and (b) respectively. The transmitted wave is approximately at the same
location in each figure. Notice that the power transitioned to the LRDW is confined in the low
dielectric layer. Furthermore, this guided signal in the LRDW lags the radiated power emerging
from the horn as expected. The radiated power is especially evident in Fig. 12 (a) where the plane
wave emerging from the horn is easily seen. Comparing the two figures, it is seen that transition
D has a smaller radiated signal than transition C. In fact, although the pulse in Fig. 12 (b) is

slightly ahead of the pulse in Fig. 12 (a), no radiated plane wave is apparent.

VIII. DEesiGN GUIDELINES

The data presented shows the advantage of using a flared horn on the output of the transition to
better match the shielded LRDW to the open LRDW. The data has also shown that the width
of the horn must be controlled to eliminate the TE3; mode which couples to the LRDW and
creates resonances. Furthermore, it has been shown that a dielectric wedge may be used to greatly
improve the return loss characteristics of the transitions. Lastly, it has been shown in Figs. 9 and
11 that the EDC method can accurately be used to calculate the return loss of the transitions. It
is therefore reasonable to use the EDC method as a design aid.

In this section the EDC method will be used to optimize the dielectric matching wedge pa-
rameters. From TLIN theory, the return loss is minimized when the wave impedances of the two
waveguides are equal. For transitions A and B where the LRDW is unshielded, this translates to

the condition:

Mo _ To
VIR = J = e .

and for transitions C and D where the LRDW is shielded the matching condition is:

Tlo _ Mo
VERDW — (3, NEFPW)E e — (0o /NE)?

where eLRPW s the effective dielectric constant of the LRDW, €¥ is the effective dielectric constant

(32)

of the partially filled rectangular waveguide or ridged waveguide containing the dielectric matching

wedge, and /\fRD W and \¥ are the cutoff wavelengths of the empty rectangular waveguide or
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ridged waveguide housing the LRDW and the dielectric wedge respectively. (31) and (32) may be
simplified to:
€ = P 4 (A/3Y)? (33)
and
€@ = LRDW _ (), /XLRDW)2 4 (3, /3w)2 (34)
respectively. If the LRDW is in the same waveguide as the dielectric wedge, then z\fRDW = A7
and (34) simply states that the effective permittivities of the two waveguides must be matched.
Since all of the terms on the right hand side of (33) and (34) are known, €“may be determined.
The design will proceed for transitions C and D although the relevant equations may be replaced
to optimize transitions A and B. Start with the eigenvalue equation for the determination of the
parameter k, (analogous to (25)). For the LRDW in the transition, a magnetic wall exists along
the x-axis and an electric wall at yo must be used to represent the side walls of the rectangular

waveguide. The resulting equation is:

ky1 tan(ky1y1) — ky2 cot(ky2(y2 — 91)) = 0 (35)

where:

kyi = koyfel —€v (36)

kyy = kovi—e®

and eiq is the equivalent dielectric constant for the region of the guide containing the dielectric
wedge and y; is equal to one half of the wedge width. In (36), the assumption that eg =1 was
used. For most cases, this is valid since the substrate is generally very thin to suppress surface
wave modes which would cause power leakage. egq may be obtained through the solution of (35)
with (36) and the assumption that the width of the wedge and the LRDW are equal.

Knowing egq, it is possible to solve for the permittivity of the dielectric wedge, €,1, as a function
of the wedge thickness, t;, using the eigenvalue equation for the parameter k. For the case of two

dielectric regions bound by perfect conductors, the eigenvalue equation is:

eﬁ‘- tan(ke1ts) + Fez tan(kea(@s — £1)) = 0 (37)
1
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where:

kxn = koy/€l, —€l, (38)

ki = koy/1—el

and x» is the total height of the shield.

The solution of (37) and (38) results in a set of permittivities and thicknesses for the dielectric
wedge which are each optimized according to the TLIN method. The task now is to choose the
optimum combination from this set of solutions. The equalization of wave impedances is not
sufficient if there is little field overlap between the two waveguides. This was seen in Fig. 9 (a)
which is the return loss for transition A. It is also necessary to optimize the field match between
the two waveguides. This can be accomplished through a mode matching analysis [23]. If the

analysis is simplified to use only the dominant mode in each waveguide, the reflection coefficient

is given by:
Iyl — LI
=22 -2 39
IllIi] + I].I{ ( )
where:
a
ho= [ (@i (40)

/ _ o -LRDW 2
L = [] (HEEPW (2))2de

~

e

-
I

/ * 5% (2) ELRDV (g)dz
0

I, = /0 H(2) HERPY (g)dz

and a and a’ are the height of the two waveguides. The field components can be obtained from the
EDC analysis. As a further simplification, the fields are taken for the case equivalent to Fig. 2 (a).
This is justified since most of the energy is confined at the center of the LRDW, the center of the
ridge waveguide, and the center of the reduced height rectangular waveguide when the dielectric
wedge is present. It is a simple procedure to solve (39) for each of the possible wedge combinations
obtained from the TLIN analysis.

When this procedure was performed for the transitions C and D, it was found that the optimum
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wedge parameters are €, = 7.0 with a thickness of 0.107 cm and €, = 6.0 with a thickness of 0.112
cm respectively. Note that this is very close to the optimum wedge parameters of ¢, = 6.0 and
a thickness of 0.127 cm found experimentally where only standard substrate permittivities and
thicknesses could be used. Furthermore, the optimum wedge thickness corresponds to the thickness
of the LRDW for the cases presented. Although this may not be true for all dielectric waveguides
and for all frequencies, a first order design of the wedge may be obtained by using (33-38) with

that assumption.

IX. CONCLUSIONS

Four transitions were analyzed using a transmission line (TLIN) analysis, a Finite Difference
Time Domain Analysis (FDTD), and experimentally. It has been shown that the FDTD analysis
accurately models the transitions. In addition, it was shown that the TLIN method gave acceptable
results. Using the Effective Dielectric Constant and the TLIN methods, a simple design procedure
was given for the transition design and the design of the dielectric matching wedge. For small
sized dielectric waveguides such as LRDW, a transition comprised of a tapered ridge waveguide
reduced the radiation loss of the transition by approximately 1 dB while simultaneously having

an excellent return loss.
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Table 1.—Summary of measured transitions performance.

Transition type | Sy1 (dB) | S2;1 at 26.5 GHz (dB) | S2; at 40.0 GHz (dB)
A, no wedge 12.8 5.0 18.0
B, no wedge 10.2 9.0 12.0

B, with wedge 12.3 5.5 10.0
C, no wedge 11.6 8.0 13.0

C, with wedge 16.0 4.8 10.5
D, no wedge 12.3 5.5 10.0

D, with wedge 16.2 5.5 8.2

I 1
] 1
1 1
1 1
Region Il : Region | ! Region |i
l i
0.2286

13=0.0635

12=0.0203

t1=0.0254

Y

Figure 1.—Layered ridge dielectric waveguide for 26.5-40 GHz (dimensions in cm).
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Figure 2.—Structures for analyzing the parameter k using the EDC method where
(a) represents region | and (b) represents region II.

Region |l Region | Region 1

eq

y1= -0.1143 y1=0.1143

Figure 3.—Structure for analyzing the parameter ky using the EDC method.
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Figure 4.—Transitions from rectangular waveguide to layered ridge dielectric waveguide where (a), (b), (c), and

(d) shows transitions A, B, C, and D respectively.
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the EDC and the FDTD methods.
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